Purpose The risk factors for venous thromboembolism (VTE) in diffuse large B-cell lymphoma (DLBCL) are not clear although thrombosis can be associated with host status, tumor burden, and inflammatory activity. We assessed the effect of those factors on VTE in a cross-sectional study of patients enrolled in a prospective cohort study.
Introduction
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is a wellknown adverse event in patients with cancer. Their risk of VTE is higher than in the general population because cancer and treatments such as chemotherapy raise the risk of VTE. However, the incidence of VTE is varies by the type of cancer, because each type of tumor cell might have different procoagulant activity and their treatment poses differing risks for VTE. Lymphoma is as a high-risk cancer for VTE as patients with lymphoma show a high incidence [1, 2] . However, the risk of VTE in such patients can be different by the subtype of lymphoma, because this cancer has many subtypes requiring different treatment approaches. Thus, the exact assessment of the incidence of VTE and analysis for risk factors focusing on the most common subtype of lymphoma might be helpful for managing VTE in patients with lymphoma, and provide reference values for the other Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL), accounting for 30%-40% of cases of NHL in Western and Asian countries [3, 4] . Since rituximab-an anti-CD20 monoclonal antibody targeting B cells-was introduced for the treatment of B-cell lymphomas, the combination of rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) has become the standard therapy for patients with DLBCL [5, 6] . Therefore, we drew a crosssectional sample of patients with newly diagnosed DLBCL who were uniformly treated with R-CHOP and registered into our prospective cohort study. We analyzed the influence of host-and disease-related factors on the occurrence of VTE to confirm reports suggesting associations with host factors such as poor performance status and old age, and with disease-related factors such as a high tumor burden [7, 8] . In addition, we evaluated the association of inflammation with the occurrence of VTE by analyzing laboratory parameters reflecting inflammatory activity such as leukocyte and platelet counts, and C-reactive protein (CRP) and albumin levels. This was because the contribution of tumor burden to the development of VTE might be associated with a local inflammatory microenvironment. Indeed, inflammation promotes thrombosis, and a recent study using two inflammation-associated indexes-the neutrophil/lymphocyte and platelet/lymphocyte ratios-showed strong associations with the risk of VTE in ambulatory patients with solid cancers [9] . This association between inflammation and VTE might be related with an elevated level of inflammatory cytokines such as interleukin (IL)-6 and tumor necrosis factor (TNF) ! [10] . In addition, there were more candidate inflammatory mediators for venous thrombotic disease [11] [12] [13] . Considering that VTE commonly occurs at diagnosis or during an early period of treatment [1, 2, 7, 14, 15] , we also measured pretreatment levels of inflammatory cytokines to explore their impact on the occurrence of VTE in patients with DLBCL treated with R-CHOP.
Materials and Methods

Patients and study design
This study was a cross-sectional analysis of the occurrence of VTE in patients who were newly diagnosed with DLBCL at the Samsung Medical Center between October 2008 and December 2011. Among 953 patients registered in a prospective cohort during the study period, we selected 322 patients who had available serum samples archived at diagnosis. For this analysis, all patient data were updated in February 2014. The pathology of DLBCL was confirmed by an expert hematopathologist (Y.H.K.) using the World Health Organization classification criteria. All patients were enrolled in our prospective cohort study (NCT No. 00822731), and their clinical information and laboratory results were registered at diagnosis. Prior to treatment and after we had obtained written informed consent, serum samples were archived at -80°C. All patients received R-CHOP chemotherapy every three weeks as follows: rituximab 375 mg/m 2 ; cyclophosphamide 750 mg/m 2 ; doxorubicin 50 mg/m 2 ; vincristine 1.4 mg/m 2 (maximum, 2 mg) intravenously on day 1; and prednisone 100 mg/day orally on days 1-5. We assessed both symptomatic as well as asymptomatic incidental VTE. The occurrence of VTE included PE and/or DVT diagnosed via computed tomography and duplex ultrasonography. We explored the impact of host factors such as age, gender, performance status, and body mass index (BMI) as well as of disease-related factors such as stage, number of extranodal sites, and serum lactate dehydrogenase levels on VTE (Fig. 1) . We also analyzed the association of the Khorana score risk prediction model for chemotherapy associated with VTE because all patients received systemic chemotherapy. The Khorana score was calculated according to pretreatment hematology values and BMI as reported [16, 17] . The impact of the International Prognostic Index (IPI) reflecting tumor burden and host status on VTE was also evaluated and compared with that of the Khorana score. To explore the effect of cytokines on the occurrence of VTE, we also measured the levels of pro/anti-inflammatory cytokines in archived frozen serum samples. The Institutional Review Board of Samsung Medical Center approved this study.
Multiplex cytokine assays
Serum aliquots were not thawed before we performed the multiplex cytokine assay. We measured the levels of regulated on activation, normal T cell-expressed and secreted (RANTES), IL-10, IL-6, interferon gamma-induced protein 10 (IP-10), and TNF-! with the Procarta cytokine profiling kit (Panomics, Fremont, CA) according to the manufacturer's instructions, in duplicate. We also measured the level of plasminogen activator inhibitor 1 (PAI), a procoagulant parameter, with the same kit. Based on the cutoff value of each cytokine examined, patients were categorized into high and low groups. The optimal cutoff value for TNF-! was determined by receiver-operating characteristic (ROC) curve analysis. The area under the ROC curve was 0.66 (cutoff value, 0.285; 95% confidence interval [CI], 0.517 to 0.694). Because of the low sensitivity and specificity for other cytokines and PAI through ROC curve analysis, we used the median value as the cutoff point for PAI, RANTES, IL-10, and IP-10 analyses. Only 26% of all patients showed a positive value of cytokine IL-6, so we categorized the IL-6 level as detectable or undetectable.
Statistical analysis
Baseline characteristics were compared between the patients with and without VTE by chi-squared and Fisher exact test (when we expected fewer than five counts in any one cell of the contingency table). A ROC curve analysis for the serum cytokine assay was performed using the MedCalc ver. 12.7 (MedCalc Software, Ostend, Belgium). Gray's test was used to compare the cumulative incidence curves for VTE in the presence of the competing risk of death. We used the Fine and Gray regression model to assess a risk factor of interest after adjusting for other potential risk factors in the model. Multivariate analysis was done with selected variables that were significant in univariate analysis. The median follow-up duration was calculated by the Kaplan-Meier estimate of potential follow-up, as reported [18] . Overall survival time was calculated from the date of diagnosis to the date of final follow-up or death from any cause. The Kaplan-Meier estimate was used to compare survival between patients with or without VTE, and the log-rank test was also used to estimate statistical significance between survival curves. Two-sided null hypotheses of no difference were rejected if p-values were less than 0.05 (SAS ver. 9.1.3, Stata ver. 11; SAS Institute, Cary, NC).
Results
Patient characteristics
The median follow-up of 322 patients was 41.9 months (95% CI, 40.6 to 43.2 months), and their median age at diagnosis was 56 years (range, 16 to 86 years). Most patients had good performance status (Eastern Cooperative Oncology Group [ECOG] grade 0/1, 84.5%). Half of the patients (46.6%) presented with Ann Arbor stage III/IV, and more than 30% of patients had more than two extranodal involvements ( Table 1) . As a result, 108 patients had high or highintermediate risk on the IPI. Patients were dichotomized into obese and non-obese groups based on a BMI cutoff value of 25 kg/m 2 , because few patients had a BMI greater than 35 kg/m 2 , the cutoff for the Khorana score. In addition, the number of patients whose pretreatment hematology results fulfilled the criteria of the Khorana score was extremely low: only 16 patients had a high-risk category (! 3) in this score. All patients had a central venous catheter installed before starting the first cycle of R-CHOP chemotherapy (median 6 cycles; range, 3 to 8 cycles). Only a few patients received additional therapy such as radiotherapy or surgery (Table 1) . Most patients were treated as outpatients, and none received prophylactic anticoagulants for VTE during their treatment.
Venous thromboembolism
VTE was documented in 34 of the 322 patients (10.6%), and detected by follow-up computed tomography (CT) scan (1 year after the 6th cycle). Eighteen of these 34 patients (52.9%) had a DVT, 12 patients (35.3%) had a PE and three patients (8.8%) had a PE with a DVT. Although all patients received a central venous catheter, only three patients had an upper limb DVT associated with it. Among those patients who developed VTE, two-thirds (23/34, 67.6%) had VTEassociated symptoms; the other cases were diagnosed incidentally by radiology imaging during staging work-up or response evaluation. Sixteen patients (16/34, 47%) were treated with anti-coagulant therapy using low molecular weight heparin for two patients, intravenous heparin for one patient and warfarin for 13 patients. Eleven patients who were asymptomatic but incidentally diagnosed with minimal PE and/or DVT had no anti-coagulant treatment. Four patients who had vague symptoms associated with VTE were not treated with anticoagulant, and three patients with venous compression caused by lymphoma mass were initially treated with chemotherapy only without anticoagulant therapy.
Comparison of patients with and without VTE
Comparisons of host factors revealed that the proportion of patients older than 60 years (56%, 19/34) was significantly higher in patients with VTE than in patients without it (36%, 103/288, p=0.022) ( Table 1) . Among disease-related factors, tumor burden (stage III/IV, extranodal involvement) was significantly higher in patients with VTE (73% and 56%, respectively) than in patients without VTE (43% and 29%, respectively). As a result, the number of patients with VTE was significantly higher in the IPI high or high-intermediate risk groups (18%, 19/108) than in the low or low/intermediate risk groups (7%, 15/214) (Fig. 2) . Of the parameters in the Khorana score, only the white blood cell (WBC) count was significantly associated with VTE. Accordingly, the Khorana risk classification was not significantly associated with VTE in this study (Fig. 2) . Among inflammatory markers, serum albumin and CRP levels did not differ significantly between patients with and without VTE. A direct comparison of the mean levels of cytokines including RANTES, IL-10, IP-10, IL-6, and TNF-! as well as procoagulant PAI-1 did not differ significantly (Fig. 3 ).
Competing risk factor analysis for VTE
We performed competing risk factor analysis with variables including host-and disease-related factors and inflammatory markers (Table 2) . Among host factors, age older than 60 years was significantly associated with a risk of VTE (p=0.03) whereas performance status (ECOG ! 2) and BMI ! 25 only showed a tendency for developing VTE (p=0.06). Stage III/IV and more than two extranodal involvements were significantly associated with VTE. As a result, patients who belonged to the IPI high and high-intermediate risk groups more frequently developed VTE than did low and low/intermediate risk groups (p < 0.05) ( Table 2) . Among inflammation-related laboratory parameters, only a high WBC count (> 11#10 9 /L) was associated with VTE. When patients were dichotomized into low and high groups of serum cytokines, high levels of RANTES, IL-10, and IP-10 were significantly associated with VTE. Patients with detectable IL-6 were also more likely to develop VTE (Table 2) . Cumulative incidence curves for thrombosis differed significantly between age, ECOG performance status, stage, number of extranodal involvement, IL-6 and IP-10 (Fig. 4) . However, in the multivariate analysis using the Fine and Gray regression model with a competing risk of death, age > 60 years and poor performance (ECOG ! 2) were found to be predictive variables for VTE (Table 3) . 
Impact of VTE on overall survival
Among 34 patients with VTE, eight died (8/34, 23.5%). Two deaths were associated with VTE, and the other patients died because of disease progression. One relapsed patient died because of PE during salvage treatment. The other patient, who showed complete response after the third cycle of R-CHOP, developed acute dyspnea and hypotension from PE and died from uncontrolled bleeding caused by heparinization and with thrombocytopenia. However, the overall survival of patients with VTE was not significantly different from patients without VTE (Fig. 5) .
Discussion
VTE was documented in 34 of the 322 patients (10.6%) with newly diagnosed DLBCL; the 1-year actuarial incidence rate was 9.8%. This incidence is slightly higher than that of our previous study, which found a crude incidence of 22/271 (8.1%) and a 1-year actuarial incidence of 8.9% [8] . This increased incidence might be associated with the larger number of patients and the extended follow-up. Our incidence is similar to a Japanese study reporting VTE in 12.8% of 211 patients with DLBCL [14] . Thus, VTE should be regarded as an important adverse event with significant incidence in Asian patients with DLBCL who receive systemic chemotherapy, as it is for other hematological and solid malignancies. In this study, we observed two VTErelated deaths. Although the overall survival of patients with PAI (pg/mL) 9,000 8,000 7,000 6,000 5,000 4,000 3,000 2,000 1,000 0 VTE (-) VTE (+) VTE was not significantly different from that of patients without VTE (Fig. 3) , the probability of a negative impact of VTE on treatment outcomes should be underscored. Our study population had several characteristics that differ from previous studies. First, all patients were enrolled into the prospective cohort study, so their serum samples were archived at diagnosis. Second, patients had the same histological subtype and received one treatment regimen, R-CHOP, as the primary treatment. Third, all patients had a central venous catheter installed for chemotherapy. As a result, out of previously known risk factors for VTE, the presence of a central venous catheter and the use of chemotherapy were excluded from the analysis. Therefore, we could analyze the effect of host-and disease-related factors on the occurrence of VTE independent from central catheterization and the type of chemotherapy. In addition, we could analyze whether serum cytokines associated with inflammation and procoagulant proteins influence the occurrence of VTE.
In the univariate analysis with a competing risk of death, parameters from the Khorana score failed to show significant associations with VTE, except for the WBC count ( Table 2 ). The Khorana risk score was proposed according to pretreatment hematology results, BMI and site of cancer as risk factors, and lymphoma is designated a high-risk cancer [16, 17] . Although it was validated for the prediction of VTE in various patients with cancer from several studies [19] , it might be limited when applied only to patients with lymphoma, because cytopenia rather than cytosis could be more common, especially in patients with bone marrow involvement or splenomegaly. Furthermore, as the BMI of Asian patients is usually less than 35 kg/m 2 , this predictive model might have a limited value in this population. That is why it failed to predict the development of VTE in our study. On the other hand, the IPI risk model was more strongly associated with VTE than the Khorana score because parameters included in the IPI such as age, performance status, stage and extranodal involvement were significantly associated with VTE (Table 2) . Gray's test.
Cumulative incidence probability Univariate analysis also indicated that the levels of several serum cytokines were associated with the occurrence of VTE (Table 2) . Indeed, proinflammatory cytokines are commonly elevated in patients with lymphoma, and increased inflammatory activity worsens the prognosis for such patients. Likewise, proinflammatory cytokines might be associated with VTE because thrombosis can stimulate multiple inflammatory pathways and vice-versa. Possible mechanisms through which inflammation might promote a venous thrombosis are several. First, inflammatory cytokines can activate coagulation by the induction of tissue factor synthesis by blood monocytes, leading to activation of the extrinsic coagulation pathway. Second, thrombosis directly stimulates an inflammatory response in the vein wall, which involves neutrophil activation and expression of inflammatory cytokines and cellular adhesion molecules [20] . Although the mean values of the serum cytokines analyzed in this study did not differ significantly between patients with and without VTE, the dichotomization of patients by the cutoff value of those cytokines indicated that patients with high levels of RANTES, IL-10, IP-10, and IL-6 were more likely to develop VTE. This was consistent with studies showing the association of the levels of the proinflammatory cytokines IL-6 and RANTES with VTE [21] . However, our results for TNF-! and IL-10 levels were contrary to other reports, which found proinflammatory cytokine TNF-! levels to be higher in patients with VTE, and immunoregulatory, anti-inflammatory cytokine IL-10 levels to be lower [22] . Most of those studies were retrospective, and risk factor analysis was done without considering the competing risk of death from VTE. So far, no direct evidence supports the idea that these cytokines are predictive of the development of VTE or can determine the optimal cutoff value of each marker for estimating its occurrence [23] . Therefore, we could not demonstrate a clear association of these inflammatory cytokines with VTE in this study. The serum level of PAI-1 at diagnosis was not associated with VTE either in this study, although it had marginal significance (p=0.06; hazard ratio, 1.58) ( Table 2 ). Given that the role of PAI is the inhibition of plasminogen activator, increased levels of PAI-1 inducing hypofibrinolysis might be associated with the occurrence of VTE. Indeed, the PAI-1 level is elevated in various disorders including cancer as well as in the aging process, and might contribute to the development of thrombosis [24] . Thus, the exact relationship between PAI-1 and VTE in patients with DLBCL requires further study.
Our multivariate analysis indicated that only age and performance status were independently associated with VTE. Our results are consistent with the general belief that frail elderly patients might be more vulnerable to adverse events, including VTE. However, this might also be interpreted to mean that patients with advanced disease and increased inflammation overlapped with patients older than 60 years with poor performance status, because patients with high tumor burden might have poorer performance status, and elderly patients are more likely to be diagnosed with an advanced disease.
Conclusion
In conclusion, our results suggest that age older than 60 years and poor performance status (ECOG ! 2) have a significant influence on the occurrence of VTE in patients with newly diagnosed DLBCL who received R-CHOP chemotherapy, more than other potential risk factors including disease and inflammation-related factors. Thus, careful monitoring and active intervention against VTE should be considered in elderly patients with DLBCL and poor performance status.
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